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/ 110

115
| APORT CONNECTING TO SWITCH 20(2) IS ACTIVATED |—J

120
.

SWITCH 20(1) ASSIGNS A SUMMARIZED SWITCH IDENTIFER TO THAT PORT AND CONFIGURES
THIS INFORMATION IN THE SWITCH TO MARK THE FRAMES INTENDED FOR SWITCH 20(2) WITH
SWITCH 20(1).SWITCH 20(2) AS OSA INFORMATION IN MiM FRAMES

SWITCH 50(1) ASSIGNS AN SSID FOR THE PORT CONNECTING TO SWITCH 50(2). THIS )25

INFORMATION IS USED TO MARK OSA FOR FRAMES ORIGINATING FROM SWITCH 50(2)

130
THE OSA INFORMATION OF SWID.SSID IS USED TO LEARN THE MAC ADDRESSES FOR | J

HOST 55(2) AND HOST 30(1) ON SWITCH 20(1) AND 50(1), RESPECTIVELY

A FRAME IS SENT FROM HOST 55(2) AND IS LEARNED ON SWITCH 50(1) AS A LOCAL ENTRY

THE FRAME IS SENT TO THE CE LINE CARD 65(1) FOR A L3 LOOKUP [

THE CE LINE CARD 65(1) SENDS A FRAME TOWARDS SWITCH 20(1) BASED ON HASH. ON
EGRESS, THE F1 CARD CONNECTING TO SWITCH 20(1) LOOKS UP THE S2_S5_DI AND THE
TRAFFIC IS ENCAPSULATED WITH THE CORRECT MiM FORMAT WHICH INCLUDES S2.S5.FLID
OR 52.55.1 AS ODA AND SENT TOWARDS SWITCH 20(1)

\_ 145

ON RECEIVING THIS FRAME ON SWITCH 20(1), IF THE ODA IS S2.55, THIS INFORMATION IS
USED TO SEND THE FRAME OUT TOWARDS THE FINAL PORT OF EXIT FOR HOST 30(1) BASED
ON SSID INFORMATION RECEIVED IN ODA

150

FIG.2



US 9,237,098 B2

Sheet 3 of 5

Jan. 12, 2016

U.S. Patent

===
| [
[

STaviovn 9%

) ;
E) al m
iz sw: m
[ y
) 902 -
8
.
|
|
(0) sw: m
) ) !
¥72 502 -
3903 3L0NIN 0L 3903 Q-0 oo oo 1
3903 3L0NTY 0L I9AT DY “ “ !
3903 WO010L 3903 8-V m m m
| i |
| i |
| I ]|
SMOT4 AILOY 5 5
| e —— | I A
ommm m |
/{iL |
€94 ! “ !
AL
wel o o
(48

957513

P 95 28+ 0

P 95780
|-

“

|
|
|
|
|
“vl\l
|

05¢

05¢

£0¢




U.S. Patent

US 9,237,098 B2

Jan. 12, 2016 Sheet 4 of 5
280
-
NETWORKING DEVICE
286
28 " -
INGRESSLINE | J C EGRESS LINE
CARD CARD
- SWITCH -
MA i CARD o MA
SUMMATION ?92 1l summaTion
Losic ||| 2% 11| Loaic
VEMORY || ) || MEMORY
289 205
NETWORK NETWORK
INTERFACE(S)|Y~ 267 293 __1|INTERFACE(S)
PROCESSORH—285 o | IPROCESSOR

FIG.4



U.S. Patent Jan. 12, 2016 Sheet 5 of 5 US 9,237,098 B2

/ 300

305
/

CREATING AN INTERNAL PORT-CHANNEL INTERFACE FOR ONE OR MORE NETWORKING
DEVICES OF A CONNECTED DATACENTER ETHERNET NETWORK

310

AT ALINE CARD OF A CLASSICAL ETHERNET NETWORKING DEVICE, USING THE

INTERNAL PORT-CHANNEL INTERFACE TO LEARN THE MEDIA ACCESS CONTROL

(MAC) ADDRESSES OF REMOTE HOSTS CONNECTED BEHIND THE DATACENTER
ETHERNET NETWORK

f 315

RECEIVING A PACKET AT THE CLASSICAL ETHERNET NETWORKING DEVICE, WHEREIN
THE PACKET IS DIRECTED TO A REMOTE HOST BEHIND THE DATACENTER ETHERNET

NETWORK
r 320

ENCAPSULATING, BASED ON THE INTERNAL PORT-CHANNEL INTERFACE, THE PACKET
WITH A DATACENTER ETHERNET SWITCH IDENTIFIER

TRANSMITTING THE ENCAPSULATED PACKET TO A LINE CARD OF A DATACENTER
ETHERNET NETWORKING DEVICE IN THE DATACENTER ETHERNET NETWORK

FIG.5
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MEDIA ACCESS CONTROL (MAC) ADDRESS
SUMMATION IN DATACENTER ETHERNET
NETWORKING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application No. 61/667,570, entitled “Media Access Control
(MAC) Address Summation in Datacenter Ethernet (DCE),”
and filed on Jul. 3, 2012. The above application is hereby
incorporated by reference herein.

TECHNICAL FIELD

The present disclosure relates generally to data center net-
works.

BACKGROUND

Datacenter Ethernet (DCE) is an architectural collection of
Ethernet extensions designed to improve Ethernet network-
ing and management in a data center. Multipathing and full
bisectional bandwidth are some of the advantages offered by
DCE. Cisco System’s FabricPath (FP) technology and the
Internet Engineering Task Force (IETF) Transparent Inter-
connect of Lots of Links (TRILL) standard are examples of
the deployed DCE technologies.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an example Datacenter Eth-
ernet (DCE) network configured to interoperate with a clas-
sical Ethernet network.

FIG. 2 is a flowchart of a method in accordance with
examples presented herein.

FIG. 3 is a block diagram of an example arrangement in
accordance with examples presented herein.

FIG. 4 is a block diagram of an example networking device
in accordance with examples presented herein.

FIG. 5 is a flowchart of a method in accordance with
examples presented herein.

DESCRIPTION OF EXAMPLE EMBODIMENTS

Overview

Techniques are presented herein for a forwarding scheme
for traffic originating from legacy or classical Ethernet (CE)
devices connected to a Datacenter Ethernet (DCE) network
executing multipathing and Mac-in-Mac (MiM) based hier-
archical forwarding. At a line card of an Ethernet networking
device connected to a DCE network, information is generated
that summarizes Media Access Control (MAC) addresses of
remote hosts reachable through a Datacenter Ethernet net-
working device of the Datacenter Ethernet network. A packet
is received at the Ethernet networking device, wherein the
packet is directed to one of the remote hosts. The packet is
forwarded to one of the remote hosts using the information
summarizing the MAC addresses of the remote hosts.

Example Embodiments

Computer networks are used to interconnect hosts (e.g.,
computers, servers, virtual machines, mobile devices, etc.) so
that the hosts may exchange data and share resources. Ether-
net is the most well-known physical and data link layer tech-
nology that is used for local area networks (LANs) where a
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source host will transmit an Ethernet “frame” to a destination
host via one or more networking devices (e.g., switches). In
so-called legacy or classical Ethernet networks, an Ethernet
frame includes both a destination address and a source
address, which identify the recipient and the sender of the
frame, respectively. These addresses are generally Media
Access Control (MAC) addresses that are used by the net-
work devices to forward the frame to the correct destination.

As computer networks have increased in speed and com-
plexity, the classical Ethernet standard has expanded to
encompass new networking technologies and features. One
such expansion of the classical Ethernet standard is Data-
center Ethernet (DCE). Certain Datacenter Ethernet net-
works, such as Cisco System’s FabricPath technology, imple-
ment a forwarding paradigm that uses Layer 2 (L2)
multipathing and Mac-in-Mac (MiM) based hierarchical
addressing to provide a highly scalable network. The use of
hierarchical forwarding enables Datacenter Ethernet net-
works to support a larger number of switches/devices (i.e.,
support a larger 1.2 domain) while remaining more scalable
than classical Ethernet networks. In such Datacenter Ethernet
networks, the hierarchical addressing to forward frames relies
on use of a switch identifier (SWID.SSID) to identify the
destination host. Unlike MAC addresses in classical Ethernet
that uniquely identifier the source/destination hosts, this
switch identifier identifies (i.e., corresponds to) the switch
that connects the DCE network to the destination host.

In a Datacenter Ethernet network, when a frame is sent to
a destination host, the frame is encapsulated using the MiM
format where the Ethernet frame is encapsulated with a Ser-
vice Provider MAC header. After this MiM encapsulation, the
encapsulated frame is sent out towards the destination switch
over the Datacenter Ethernet network. Once the frame
reaches the destination switch (i.e., the switch connected to
the destination host), the destination switch will send the
frame out to the final destination host attached to that switch.
With this model, the core networking devices (e.g., switches)
of the Datacenter Ethernet network do not learn individual
MAC addresses for the end hosts. This allows the Datacenter
Ethernet core to be highly scalable as none of the end hosts are
visible in the core.

As noted above, the networking devices in classical Ether-
net networks rely on the destination/source host MAC
addresses to forward packets to the correct destination. How-
ever, the networking devices in Datacenter Ethernet networks
do not use MAC addresses for frame forwarding, but instead
use a switch identifier so that the MAC addresses remain
hidden. Because Datacenter Ethernet is an emerging technol-
ogy, it is possible (and likely) that Datacenter Ethernet net-
works and classical Ethernet networks will interoperate with
one another.

In such arrangements where a Datacenter Ethernet network
and a classical Ethernet network interoperate, when a host is
connected to the Datacenter Ethernet network via a network-
ing device that does not support Datacenter Ethernet network
results in the Datacenter Ethernet network, the edge device
will learn the MAC addresses for all hosts behind the Data-
center Ethernet network. That is, to allow the classical Eth-
ernet and Datacenter Ethernet networks to interoperate with
each other, conventional mechanisms expose the MAC
addresses of the individual end hosts connected to the Data-
center Ethernet network. However, this may be problematic
as the Datacenter Ethernet networking devices (e.g., the
device Application Specific Integrated Circuits (ASICs)) are
designed with smaller MAC tables since the Datacenter Eth-
ernet network core ports do not learn MAC address in order to
perform hierarchical forwarding. The techniques proposed
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herein summarize the MAC addresses behind a single edge
port so that the Datacenter Ethernet edge devices do not learn
the MAC addresses of the individual end hosts connected to
the Datacenter Ethernet network. These MAC summarization
techniques can be used with existing hardware and lookups
already available in current generation ASICs. This allows
Datacenter Ethernet networks to scale to potentially large
number of end hosts even when they are connected via clas-
sical Ethernet devices not supporting Datacenter Ethernet.

FIG. 11is ablock diagram of a Datacenter Ethernet network
10 that is connected to a classical Ethernet network 15. The
Datacenter Ethernet network 10 of FIG. 1 comprises, in this
example, four networking device (switches) 20(1)-20(4), a
first plurality of hosts 30(1)-30(N), and a second plurality of
hosts 35(1)-35(N). The switches 20(1)-20(4) are intercon-
nected by Datacenter Ethernet links 40 and are configured to
perform Datacenter Ethernet networking operations. As such,
the switches 20(1)-20(4) are sometimes referred to herein as
DCE switches. The switches 20(2) and 20(4) are connected to
hosts 30(1)-30(N) and 35(1)-35(N), respectively, via links 45.
Links 45 may comprise, for example, Enhanced Ethernet
links, Datacenter Ethernet links with portal enhancements,
etc.

In the example of FIG. 1, the classical Ethernet network 15
comprises three networking devices (switches) 50(1), 50(2),
and 50(3) and three hosts 55(1), 55(2), and 55(3). The
switches 50(1), 50(2), and 50(3) are interconnected by clas-
sical Ethernet links 60, while hosts 55(1), 55(2), and 55(3) are
also connected to switches 50(1), 50(2) and 50(3), respec-
tively, by classical Ethernet links 60. Similarly, the classical
Ethernet network 15 is connected to the Datacenter Ethernet
network 10 by classical Ethernet links 60. That is, in this
example, switch 50(1) is connected to switches 20(1) and
20(3) by classical Ethernet links 60. The switches 50(1),
50(2), and 50(3) are configured to perform classical Ethernet
networking operations and are sometimes referred to herein
as CE switches.

Frames enter a switch through an ingress line card and are
forwarded to an egress line card via one or more switch cards.
Line cards generally include, for example, network interface
ports, processor(s), memory, and interfaces with the switch
cards. The switch cards provide a switch fabric (i.e., hardware
switching element) and may also include processor(s),
memory, interfaces, etc. In the example of FIG. 1, switches
50(1), 50(2), and 50(3) each include one or more line card(s)
65(1), 65(2), and 65(3), respectively, which are unable to
learn a switch identifier (i.e., line cards designed only for
classical Ethernet). Such line cards are referred to herein as
CE line cards 65(1), 65(2), and 65(3). Also in the example of
FIG. 1, switches 20(1)-20(4) include one or more line cards
75(1)-75(4), respectively, that are able to learn a switch iden-
tifier (i.e., line cards designed for Datacenter Ethernet). Such
line cards are referred to herein as Datacenter Ethernet or
DCE line cards 75(1)-75(4).

An end host connected to a CE line card may communicate
with a remote host connected behind a Datacenter Ethernet
network. However, in conventional arrangements, such com-
munication occurs via a proxy forwarding mechanism
executed by another line card that is able to learn the switch
identifier. The line cards that are able to learn switch identi-
fiers are the DCE line cards. More specifically, in conven-
tional arrangements, packets originating from a CE line card
are forwarded via a classical Ethernet-Datacenter Ethernet
(CE-DCE) proxy forwarding function (executed by the DCE
line card) before the frames can be put on the Datacenter
Ethernet network. That is, a DCE line card connected to the
Datacenter Ethernet network core performs the proxy-for-
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warding functionality for traffic originating from a CE line
card. Furthermore, in these conventional arrangements, in
order for the DCE line card to correctly encapsulate the proxy
packets using the MiM format, the DCE line card first learns
the MAC addresses of the end hosts connected behind the
Datacenter Ethernet network. The DCE line card obtains,
among other information, the switch identifier for the end
hosts in the FP network.

CE line cards generate forwarding index information,
referred to as “IF_INDEX,” which corresponds to a remote
Datacenter Ethernet enabled switch where a destination host
is connected. This specific IF_INDEX is used on the egress of
the DCE line card to derive the MiM encapsulation and send
the frame out to the switch and the destination host. In certain
examples, the IF_INDEX is a 32-bit number that includes 8
bits defining the type of interface, 5 bits indicating the physi-
cal slot number (only 32 possible) 7 bits indicating the physi-
cal port number (only 128 possible) and 12 bits indicating
sub-interfaces (4000 possible).

InFIG. 1, host 55(1) is connected to a CE line card 65(1) at
switch 50(1) and host 35(1) is the remote destination host
connected to switch 20(4). In conventional techniques, in
order to perform MAC Lookup during MiM encapsulation of
frames originating from CE line cards 65(1)-65(3), the DCE
line cards 75(1)-75(3) are currently configured to learn the
MAC address of the hosts connected to the Datacenter Eth-
ernet network 10. This allows the frames leaving from switch
50(1) to have the correct switch identifier so as to flow from
host 55(1) to host 35(1). However, in this approach, the core
ports on the switches learn the MAC addresses for any traffic
passing there through. Because the switches are only able to
learn and store a limited number of MAC addresses (e.g.,
16,000 MAC addresses in certain arrangements ), the number
of network devices that may be used within the network are
limited when a CE line card is present. Accordingly, this
restricts Datacenter Ethernet deployments in the aggregation
layer where a typical [.2-1.3 boundary is combined within a
single box.

In order to solve this problem, the techniques presented
herein use MAC address aggregation (summation) for
switches connected to a Datacenter Ethernet network so that
the DCE line cards do not have to learn the MAC address of
all hosts behind the Datacenter Ethernet network. In case of
FIG. 1, the CE switches 50(1)-50(3) can be assigned a sum-
marized switch identifier that functions as an aggregation
mechanism to summarize the MAC addresses behind the
remote DCE switches 20(1)-20(4). For example, on switch
50(1), the CE line card 65(1) uses an internal port-channel
interface to learn the MAC addresses of remote hosts 30(1)-
30(N) and 35(1)-35(N) behind the Datacenter Ethernet net-
work 10. The internal port-channel interface, sometimes
referred to as the gateway port-channel interface, is a path for
CE line cards to communicate with any host behind a remote
switch through DCE line cards without having to remember
that a host is behind a remote switch-id.

This allows the CE line card 65(1) on switch 50(1) to
encapsulate packets with a switch identifier (SWID.SSID)
and send the frame out to switch 20(1). That is, on the CE line
card, an internal port-channel interface is created for each
switch identifier of the Datacenter Ethernet network. CE line
cards send packets to this internal port-channel interface and
an IF_INDEX is modified according to a reference table. The
MAC addresses are learned on CE line cards pointing to an
IF_INDEX corresponding to a remote switch identifier. On
receiving this frame, switch 20(1) will use the switch identi-
fier information to send the frame out to a specific port to
forward it to the end destination.
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Any return traffic destined to the source MAC address
coming from remote switch will be sent to the IF_INDEX that
was obtained from the reference table. On egress of the DCE
line card, based on destination of the packet corresponding to
this IF_INDEX, a table is used to determine the remote
switch-identifier and to forward the packet with this switch-
identifier encapsulated in the packet. With this optimization,
switch 20(1) no longer learns the MAC addresses for hosts
behind switches 20(2) and 20(4), thereby allowing the MAC
learning to scale proportionally to the number of CE switches
in the network, rather than scale with the number of end hosts
behind these switches.

FIG. 2 is a flowchart illustrating a method 110 in accor-
dance with one example of FIG. 1 in which frames are trans-
mitted from host 55(2) to host 30(1). Method 110 begins at
115 where a port connecting to switch 20(2) is activated
(brought up). At 120, switch 20(1) assigns a summary switch
identifier (SSID) to that port. The switch 20(1) also config-
ures this information in the switch to mark the frames
intended for switch 20(2) with Outer Source Address (OSA)
information (e.g., switch 20(1).switch 20(2) as OSA infor-
mation in MiM frames). In FabricPath technology, each
packet is encapsulated with a MiM header containing infor-
mation of switches from where the packet originated
(OSA=Outer Source Address=Switch-id.Sub-Switch-id.If-
index) and where it is destined to (ODA=Outer Destination
Address=Switch-id.Sub-Switch-id.If-index).

At 125, switch 50(1) assigns a summary switch identifier
for the port connecting to switch 50(2). This information is
used to mark OSA for frames originating from switch 50(2).
At 130, the OSA information of SWID.SSID is used to learn
the MAC addresses for host 55(2) and host 30(1) on switch
20(1) and 50(1), respectively.

At 135, a frame is sent from host 55(2) and is learned on
switch 50(1) as a local entry. That is, the source MAC address
of'the packet is learned. The local entry implies that the MAC
entry is hanging behind a Spanning Tree Edge port and it is
local to the forwarding engine on which the MAC address is
present

Since hosts 55(2) and 30(1) are connected via L3, at 140,
the frame is sent to the CE line card 65(1) to do a L3 lookup.
The L3 lookup will result in 1.2 adjacency which for host
30(1) is learned on the line card 65(1) with internal port-
channel interface corresponding to switch 20(2). On the CE
line card, the packet gets routed from one interface to an [.2
interface. Post routing, hardware performs MAC table lookup
on the CE line card to forward the packet.

At 145, the CE line card 65(1) sends a frame towards
switch 20(1) based on hash. On egress, the DCE card con-
necting to switch 20(1) looks up the internal-port channel
interface and the traffic is encapsulated with the correct MiM
format. The ODA is encapsulated in the SWID.SSWID based
on the internal port-channel reference in the “Di2swid” table
on egress of DCE card. This is frame is sent towards switch
20(1).

At 150, upon receiving this frame on switch 20(1), if the
ODA has a local SWID, the frame is sent out towards the final
port ofexit forhost 30(1) based on SSID information received
in ODA.

With the above optimizations, individual MAC addresses
are no longer copied on the Datacenter Ethernet core ports.
Internal port-channels (gateway port-channel interfaces) cor-
responding to remote switches in the Datacenter network
(e.g., switches 20(2) and 20(4) in FIG. 1) can be created, for
example, via overlay protocols when switches 20(2) and
20(4) are brought up or when switch 50(1) actually detects an
entry that is learned for S1.S5 in its MAC table.
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FIG. 3 illustrates another example arrangement involving
switch 201 (S1), switch 202 (S2), switch 203 (S3), switch 204
(S4), switch 205 (S5), switch 206 (S6), and switch 207 (S7).
The arrangement of FIG. 3 also involves hosts 220 (A), 222
(B), 224 (C), 226 (D), and 228 (E). The switches S1-S7 each
include one or more MAC tables 250. In this example, when
a port connecting to S5 is brought up, switch S2 assigns an
SSID to that port and configures this information in S2 to
mark the frames arriving for S5 with S2.S5 as OSA informa-
tion in MiM frames.

Similarly, S1 assigns an SSID for the port connecting S7.
This information is used to mark OSA for frames originating
from S7. This OSA information of SWID.SSID is used to
learn the MAC addresses for host A and host C on switch S2
and S1, respectively.

A frame is sent from host A and is learned on S1 as a local
entry. Since A and B are connected via L3, the frame is sent to
the CE card to do a L3 lookup. L3 lookup will result in 1.2
adjacency which for host C is learned on the CE card with
internal port-channel of “S2_S5_DI” corresponding to S2.
The CE card sends a frame towards S2 based on a hash. On
egress, the DCE card connecting to S2 looks up “S2_S5_DI”
and the traffic is encapsulated with the correct MiM format
which includes S2.S5.FLID or S2.S5.1 as ODA and sent
towards S2. Upon receiving this frame on S2, if the ODA is
S2.85, this information is used to send the frame out towards
the final port of exit for host C based on SSID information
received in ODA.

Using the optimization depicted in FIG. 3, individual MAC
addresses are no longer copied on the DCE core ports. Inter-
nal port-channel interfaces corresponding to remote switches
S5 and S6 canbe created, for example, via an overlay protocol
when S5,S6 are brought up or when S1 actually detects an
entry that is learned for S1.S5 in its MAC table.

Presented herein are techniques for MAC address summa-
rization in a Datacenter Ethernet network (e.g., an FP net-
work) for interoperation with classical Ethernet devices not
supporting Datacenter Ethernet. The techniques described
herein may be implemented in one or more application spe-
cific integrated circuits (ASICs) in digital logic gates or by a
processor that executes instructions stored in a tangible (non-
transitory) processor readable memory storage media, e.g.,
Read Only Memory (ROM), Random Access Memory
(RAM) or other non-transitory memory storage device. For
example, FIG. 4 is a block diagram of a networking device
280 configured to use summarized MAC addresses behind a
single edge port so that a Datacenter Ethernet edge device
does not learn the MAC addresses of individual end hosts
connected to the Datacenter Ethernet network.

More specifically, the networking device 280 of FIG. 4
comprises an ingress line card 282, a switch card 284, and an
egress line card 286. Line card 282 may include, for example,
network interface(s) 287, a processor 285, and a memory 289
comprising MAC summation logic 292. Line card 286 may
include, for example, network interface(s) 293, a processor
291, and a memory 295 comprising MAC summation logic
296. The switch card 284 provides a switch fabric (i.e., hard-
ware switching element). The MAC summation 292 and 296
are configured to enable the line cards 282 and 286 to perform
the MAC summation techniques described herein (i.e., to
enable networking device 280 to use summarized MAC
addresses behind a single edge port so that a Datacenter
Ethernet edge device does not learn the MAC addresses of
individual end hosts connected to the Datacenter Ethernet
network). The MAC summation logic 292 and 296 may be
implemented in software (as shown) or may be implemented
in hardware or a combination of hardware/software.
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FIG. 5 is a high-level flowchart of a method 300 in accor-
dance with examples presented herein. Method 300 begins at
305 where an internal port-channel interface is created for one
or more networking devices of a connected Datacenter Eth-
ernet network. At 310, a line card of a classical Ethernet
networking device connected to the Datacenter Ethernet net-
work uses the internal port-channel interface to learn the
MAC addresses of remote hosts connected behind the Data-
center Ethernet network. At 315, a packet is received at the
line card, where the packet is directed to a remote host behind
the Datacenter Ethernet network. At 320, the packet is encap-
sulated, based on the internal port-channel interface, a Data-
center Ethernet switch identifier. At 325, the encapsulated
packet is transmitted to a line card of a Datacenter Ethernet
networking device in the Datacenter Ethernet network.
The above description is intended by way of example only.
What is claimed is:
1. A method comprising:
at a line card of an Ethernet networking device connected
to an edge of a Datacenter Ethernet network, learning the
Media Access Control (MAC) addresses of a plurality of
remote hosts reachable through a Datacenter Ethernet
networking device of the Datacenter Ethernet network;

generating a summarized switch identifier corresponding
to the plurality of MAC addresses of the plurality of
remote hosts reachable through the Datacenter Ethernet
networking device of the Datacenter Ethernet network;

receiving a packet at the Ethernet networking device,
wherein the packet is directed to one of the plurality of
remote hosts reachable through the Datacenter Ethernet
networking device;

encapsulating the packet with the summarized switch iden-

tifier; and

sending the packet encapsulated with the summarized

switch identifier to the Datacenter Ethernet network for
forwarding to the one of the plurality of remote hosts
using the summarized switch identifier.

2. The method of claim 1, wherein generating the summa-
rized switch identifier for the plurality of remote hosts com-
prises:

creating an internal port-channel interface for one or more

Datacenter Ethernet network networking devices of the
Datacenter Ethernet network; and

using the internal port-channel interface to learn the MAC

addresses of the plurality of remote hosts.

3. The method of claim 2, further comprising:

upon receipt of the packet at the Ethernet networking

device, encapsulating, based on the internal port-chan-
nel interface, the packet with the summarized switch
identifier; and

sending the packet encapsulated with the summarized

switch identifier to a line card of the Datacenter Ethernet
networking device in the Datacenter Ethernet network.

4. The method of claim 3, further comprising:

learning the MAC addresses of a plurality of different

groups of remote hosts each reachable through a differ-
ent Datacenter Ethernet networking device of the Data-
center Ethernet network;

generating a summarized switch identifier for each of the

different group of remote hosts, wherein each summa-
rized switch identifier corresponds to the plurality of
MAC addresses of the remote hosts reachable through
the respective different Datacenter Ethernet networking
device; and

creating an internal port-channel interface for each sum-

marized switch identifier in the Datacenter Ethernet net-
work.
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5. The method of claim 1, further comprising:

encapsulating the packet with the summarized switch iden-

tifier without the use of a proxy forwarding mechanism
executed at a Datacenter Ethernet line card that is able to
learn the summarized switch identifier.
6. The method of claim 1, further comprising:
sending the packet encapsulated with the summarized
switch identifier to a line card of a Datacenter Ethernet
networking device that does not learn the MAC
addresses of the plurality of remote hosts connected
behind the Datacenter Ethernet network.
7. The method of claim 1, wherein receiving the packet
comprises:
receiving the packet at a line card that is unable to learn
switch identifiers used for forwarding in the Datacenter
Ethernet network.

8. An apparatus comprising:

an Ethernet line card comprising one or more network
interfaces connected to an edge of a Datacenter Ethernet
network;

a memory; and

a processor configured to:

learn the Media Access Control (MAC) addresses of a
plurality of remote hosts reachable through a Data-
center Ethernet networking device of the Datacenter
Ethernet network;

generate a summarized switch identifier corresponding
to the plurality of MAC addresses of the remote hosts
reachable through the Datacenter Ethernet network-
ing device of the Datacenter Ethernet network;

receive a packet that is directed one of the plurality of
remote hosts reachable through the Datacenter Ether-
net networking device;

encapsulate the packet with the summarized switch
identifier; and

send the packet encapsulated with the summarized
switch identifier to the Datacenter Ethernet network
for forwarding to the one of the plurality of remote
hosts using the summarized switch identifier.

9. The apparatus of claim 8, wherein to generate the sum-
marized switch identifier for the plurality of remote hosts, the
processor is configured to:

create an internal port-channel interface for one or more

Datacenter Ethernet network networking devices of the

Datacenter Ethernet network; and

use the internal port-channel interface to learn the MAC

addresses of the plurality of remote hosts.

10. The apparatus of claim 9, wherein the processor is
further configured to:

upon receipt of the packet at the Ethernet networking

device, encapsulate, based on the internal port-channel

interface, the packet with the summarized switch iden-
tifier; and

send the packet encapsulated with the summarized switch

identifier to a line card of the Datacenter Ethernet net-

working device in the Datacenter Ethernet network.

11. The apparatus of claim 10, wherein the processor is
configured to:

learn the MAC addresses of a plurality of different groups

of remote hosts each reachable through a different Data-

center Ethernet networking device of the Datacenter

Ethernet network;

generate a summarized switch identifier for each of the

different group of remote hosts, wherein each summa-

rized switch identifier corresponds to the plurality of
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MAC addresses of the remote hosts reachable through
the respective different Datacenter Ethernet networking
device; and

create an internal port-channel interface for each switch
identifier in the Datacenter Ethernet network.

12. The apparatus of claim 10, wherein the processor is

configured to:

encapsulate the packet with the summarized switch iden-

tifier without the use of a proxy forwarding mechanism

5

executed at a Datacenter Ethernet line card that is ableto 10

learn the summarized switch identifier.
13. The apparatus of claim 10, wherein the processor is
configured to:
send the packet encapsulated with the summarized switch
identifier to a line card of a Datacenter Ethernet network-
ing device that does not learn the MAC addresses of the
plurality of remote hosts connected behind the Data-
center Ethernet network.
14. One or more non-transitory computer readable storage
media encoded with software comprising computer execut-
able instructions and when the software is executed operable
to:
at a line card of a Ethernet networking device connected to
an edge of a Datacenter Ethernet network, learn the
Media Access Control (MAC) addresses of a plurality of
remote hosts reachable through a Datacenter Ethernet
networking device of the Datacenter Ethernet network;

generate a summarized switch identifier corresponding to
the plurality of MAC addresses of the plurality of remote
hosts reachable through the Datacenter Ethernet net-
working device of the Datacenter Ethernet network;

receive a packet at the Ethernet networking device,
wherein the packet is directed to a one of the plurality of
remote hosts reachable through the Datacenter Ethernet
networking device;

encapsulate the packet with the summarized switch iden-

tifier; and

send the packet encapsulated with the summarized switch

identifier to the Datacenter Ethernet network for for-
warding to the one of the plurality of remote hosts using
the summarized switch identifier.

15. The non-transitory computer readable storage media of
claim 14, wherein the instructions operable to generate the
summarized switch identifier for the plurality of remote hosts
comprise instructions operable to:

create an internal port-channel interface for one or more

Datacenter Ethernet network networking devices of the
Datacenter Ethernet network; and
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use the internal port-channel interface to learn the MAC

addresses of the plurality of remote hosts.

16. The non-transitory computer readable storage media of
claim 15, further comprising instructions operable to:

upon receipt of the packet at the Ethernet networking

device, encapsulate, based on the internal port-channel
interface, the packet with the summarized switch iden-
tifier; and

send the packet encapsulated with the summarized switch

identifier to a line card of the Datacenter Ethernet net-
working device in the Datacenter Ethernet network.
17. The non-transitory computer readable storage media of
claim 16, further comprising instructions operable to:
learn the MAC addresses of a plurality of different groups
of remote hosts each reachable through a different Data-
center Ethernet networking device of the Datacenter
Ethernet network;

generate a summarized switch identifier for each of the
different group of remote hosts, wherein each summa-
rized switch identifier corresponds to the plurality of
MAC addresses of the remote hosts reachable through
the respective different Datacenter Ethernet networking
device; and

create an internal port-channel interface for each summa-

rized switch identifier in the Datacenter Ethernet net-
work.

18. The non-transitory computer readable storage media of
claim 14, further comprising instructions operable to:

encapsulate the packet with the summarized switch iden-

tifier without the use of a proxy forwarding mechanism
executed at a Datacenter Ethernet line card that is able to
learn the switch identifier.

19. The non-transitory computer readable storage media of
claim 14, further comprising instructions operable to:

send the packet encapsulated with the summarized switch

identifier to a line card of the Datacenter Ethernet net-
working device that does not learn the MAC addresses of
the plurality of remote hosts connected behind the Data-
center Ethernet network.

20. The non-transitory computer readable storage media of
claim 14, wherein the instructions operable to receive the
packet comprise instructions operable to:

receive the packet at a line card that is unable to learn

switch identifiers used for forwarding in the Datacenter
Ethernet network.

#* #* #* #* #*
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